Esterification of aliphatic or aromatic carboxylic acids with alcohols using 2-(4-nitrobenzenesulfonyl)-4,5-dichloropyridazin-3(2H)-one (3) in the presence of base in organic solvents gave the corresponding esters in excellent yields
Introduction
Mild and effective esterification of carboxylic acids with alcohols is the most fundamental and important reactions in organic synthesis. 1 It has long been known that the process of esterification may be enormously accelerated by the addition of a strong acid such as sulfuric acid. There are also many methods for esterification using specific dehydrating reagents. 2 However, the classical esterifications have some disadvantages of the corrosiveness of strong acid, with accompanying side reactions such as carbonization and oxidation. Although many reagents for esterification of carboxylic acid have been developed, [2] [3] [4] the research in this field is still very active even now. 5 For direct esterification of carboxylic acid under mild conditions, carboxylic acid must be activated to more reactive species by using an activator. In our previous paper, 6 we have reported the activating ability of 4,5-dichloro-2-[(4-nitrophenyl)sulfonyl]pyridazin-3(2H)-one (3) for carboxylic acid. Therefore, we attempted the direct esterification of carboxylic acids with alcohols using 3 as a mediator.
In this paper, we would like to report on mild and convenient esterification of carboxylic acids with alcohols by using compound 3 in one-pot.
Results and Discussion
Esterification of carboxylic acids 1 with alcohols 2 using 3 in the presence of a base such as 4-(N,N-dimethylamino)-pyridine or potassium carbonate in refluxing tetrahydrofuran gave the corresponding esters 4 in excellent yields (Table 1) . According to our preliminary experiments, 4-(N,N-dimethylamino)pyridine is more favourable than potassium carbonate for these esterifications except for 2d and 2g. Especially, the esterification for aliphatic carboxylic acids (1b and 1c) and aliphatic alcohols (2a, 2e) using 3 was not proceeded in the presence of potassium carbonate as a base. Esterification of benzoic acid (1a) with 4-hydroxyphenethyl alcohol (2d) using 3 under the same condition selectively also gave 4-(2-hydroxyethyl)phenyl benzoate (4d) in 95% yield (entry 4 in the Table 1) .
Reaction of (1S,2S,3R,5S)-(+)-pinanediol (2f) containing both a secondary and a tertiary alcohol with benzoic acid (1a) under the same conditions also selectively acylated, affording 2-benzoyloxy derivative 4f in 98% yield (entry 6 in the Table 1) . Thus, this method may be used for selective esterification of primary or secondary alcohol.
Selective esterification of primary or secondary alcohol in the presence of secondary or tertiary alcohol is also often required. Therefore, we examined the selective ester condensation for a mixture of two alcohols such as primary/ secondary alcohol, primary/tertiary alcohol or secondary/ tertiary alcohol ( Table 2 ). The use of benzoic acid generally gave primary (entries 1, 2, 3 and 5 in the Table 2) or secondary (entry 4 in the Table 2 ) alkyl ester in excellent selectivity and in high yield. Primary or secondary alcohol was also esterified in excellent selectivity in high yield with trans-cinnamic acid (entries 6-10 in the Table 2 ) or heptanoic acid (entries 12-15 in the Table 2) using 3 in the presence of secondary or tertiary alcohol. The reaction of methanol and cyclohexanol with heptanoic acid using 3 in refluxing tetrahydrofuran gave esters 4s (67%) and 4e (28%) (entry 11 in the Table 2 ), whereas this reaction carried out at Scheme 1 room temperature for 5 hours to give only methyl ester 4s (80%). In all the reactions described above, reusable 4-(N,Ndimethylamino)pyridine, 4,5-dichloropyridazin-3-one and 4-nitrobenzenesulfonate salt were also isolated quantitatively.
The esterification of carboxylic acid using compound 3 may be proceeded via two pathways; the Pathway A and the Pathway B (Scheme 2). By monitoring the reaction using thin layer chromatography, the main pathway under our condition may be regarded as the pathway A.
In conclusion, compound 3 is a convenient, efficient and eco-friendly mediating agent for one-pot esterification of carboxylic acids with alcohols under the basic condition. It also has some advantages: i) the reaction condition is mild and basic, ii) this method shows excellent selectivity 
Isolated yield. The yields were calculated on the basis of carboxylic acids. 4,5-Dichloropyridazin-3-one was isolated quantitatively. Table 2 . Competition reaction of a mixture of alcohols (1 equiv) with carboxylic acid (1 equiv) using 3 (1 equiv) in the presence of 4-
a Isolated yield. The yields were calculated on the basis of carboxylic acids. 4,5-Dichloropyridazin-3-one was also isolated quantitatively.
The ratio of 4s/4e is 3 : 1. It was determined by 1 H NMR.
for primary or secondary alcohols in the presence of secondary or tertiary alcohols with high yields, and iii) the mediator is easy to prepare and stable in air at high temperature.
Experimental Section
Reagents and solvents were used as received from commercial sources. TLC was performed on plates coated with silica gel (silica gel 60 F254, Merck). The spots were located by UV light. Column chromatography was carried out on silica gel (silica gel 60, 70-230 mesh). Melting points were determined with a Thomas-Hoover capillary apparatus and are uncorrected. General Procedure. A solution of carboxylic acid 1 (1 equivalent), alcohol 2 (1 equivalent), base (2 equivalents) and mediating agent 3 7 (1 equivalent) in refluxing THF (30 mL, dried) was stirred until compound 3 and carboxylic acid disappeared by TLC monitoring. After filtering the mixture, the filtrate was evaporated under reduced pressure. The residue was applied to the top of an open-bed silica gel column (2.5 × 10 cm). The column was eluted with CH 2 Cl 2 . Fractions containing the product were combined and evaporated under reduced pressure to give the corresponding ester 4 and 4,5-dichloropyridazin-3(2H)-one. After washing the first filtered residue with water (100 mL), the water solution was evaporated under reduced pressure. After triturating the residue in tetrahydrofuran (70 mL), the salt was filtered and dried in air to give 4-nitrobenzenesulfonate salt in good yield. Tetrahydrofuran solution was evaporated under reduced pressure to afford 4- (N,N-dimethylamino 
